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Abstract 
 
Urban waste stored in warehouses may represent an energy source. Under bacteria action, organic compounds in 
waste suffer an anaerobic reduction, resulting in a significant quantity of biogas that contains in average over 50% of 
methane gas with a substantial caloric power. These gases may be captured by a pipe network, filtered and dried or 
liquefied, and may represent the fuel for internal combustion engine actuate a power generator. Thus, electrical energy 
can be produced from waste – a clean and easy way to transport energy. All urban waste warehouses from Romania 
may become energy producers. The advantages are significant as unusable waste is used to obtain energy and to capture 
biogas, whose greenhouse effect is much more powerful than the carbon dioxide. 
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Index   Ge =  total gas production per ton of waste up to time t = ∞; TC = Total Carbon, the total carbon 
content of waste in kg/Mg; T = temperature of landfill; fd= the maximum decomposition factor, under 
optimum conditions, by rotting up to moment  t = ∞, the TC disposable quota; fd = 0.7; fo= optimization 
factor, the ratio between real and maximum TC elimination, fo = 0.7(-1.0); fS = covering level 
conditioned by the system; the ratio between the quantity of gas collected from the landfill based on the 
disposal system and the real quantity produced; k = decomposition constant (1/unit of time). 
 
 
1. Introduction 
 
After short periods of time from depositing 
garbage and industrial waste similar to garbage in 
landfills, the microbial processes leads to their 
decomposition and biogas production [3]. Organic 
compounds in waste, such as food waste, vegetal 
waste, textiles, paper, wood etc., are decomposed by 
bacterial activities [3]. Methane (CH4) and carbon 
dioxide (CO2) is mainly produced.  
Other gaseous compounds are also present, 
but only in small percentages. Usually they are 
gaseous compounds that emerge in this phase from 
the stored materials, due to their chemical and 
physical properties.  
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The consequence is a big amount of 
hydrochlorofluorocarbon (HCFCl) [5]. The main 
risk potential in case of gases from waste 
warehouses is the danger of explosion and 
asphyxiation if the biogas is released uncontrolled. 
Moreover, bad smelling materials from the biogas 
represent an inconvenience for neighboring cities. 
Toxic compounds have negative effects over 
humans, animals and vegetation grown when 
replanting the landfill [6]. 
Another danger that the landfill gas may 
represent is its transformation into agents that 
change the climate, especially through the 
greenhouse effect [8].  
Upon appearance of greenhouse effect, 
methane gas has an influence 32 times bigger than 
the one of the carbon dioxide (CO2). The proportion 
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of methane resulted from landfills is estimated to be 
up to 8-18% of the methane released all over the 
world [3]. 
Due to the above mentioned reasons, it is 
absolutely mandatory that gas resulted from the 
landfills, should it be in significant amounts, be 
collected and used as alternative energy source [4]. 
 
2. Basic principles on how biogas is created  
 
Under optimum humidity level and anaerobic 
conditions, the organic compound in waste may 
decompose with microorganisms in methane and 
carbon dioxide. The microorganisms must supply 
the necessary of energy and oxygen in the anaerobic  
 
 
 environment inside a waste warehouse, by reducing 
organic substances [8]. 
The following figure presents the complex 
processes that break polymeric links until forming 
methane [5]. 
The gas obtained is usually saturated and dry. 
It consists almost exclusively (approx. 99% out of 
its volume) of the two inodorous compounds, 
methane CH4 (50-60% out of its volume) and 
carbon dioxide CO2 (40-50% out of its volume). The 
other compounds that added together seldom exceed 
1% out of its volume, are nevertheless decisive for 
the effect of the gas as bad smelling substance 
(especially mercaptans, ammonia, sulphures) or 
other harmful gases [3]. 
 
 
 
Figure 1. Anaerobic decomposition of organic substances 
 
 
The harmful effect of associated gases may be 
evaluated from the  atmospheric pollution ’s point of 
view (for e.g. gas concentrations not allowed for the 
personnel at the landfill and for plants in the area) or 
from bringing prejudices to the possibilities of using  
  
 gases for energetic purposes (N2S, hydrocarbures) [3]. 
The composition of gas at the landfill varies depending 
on the age of the landfill, CO2 production immediately 
after the storage and methane forming following a short 
phase of acid anaerobic fermentation [1]. 
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Figure 2. The modification of gas composition from the landfill based on time (Farquhar/ Rovers, 1973 [6]) 
 
The incineration or valorization of gas from 
the landfill may be realized at an industrial scale 
only after reaching the “stable methane phase”. The 
stable methane phase is characterized by the ratio: 
                    1
2
4 ≥
CO
CH
 
Methane is the energy carrier of gas from the 
landfill. Its caloric value is of 35.5 MJ/m3N. , The 
caloric value may be calculated based on the 
composition of gas collected from the landfill. As 
during a thermal valorization, the fire-resistant, 
inert elements, that is basically CO2 and azote, they 
must also be heated up for a gas with 55% CH4, 
36% CO2, 8% N2 and 1% O2 results a minimum 
caloric value of: 
                         
]/[5,18.. 3nmMJcalVal =   
 
3. Establishing the quantity of biogas  
 
One of the essential premises in calculating 
gas production is to know the content of carbon of 
deposited waste.  It is assumed that there are 170-
220 kg carbon/ton wet garbage as substrate in the 
German landfills for garbage, without taking into 
account the inert waste and without collecting the 
biological waste selectively.  In order to initiate a 
gas removal plant, this value must be checked, 
based on the composition of waste. Usually there is 
a smaller content of carbon, due to the pre-treatment 
or selective collection.  
One may assume that for the waste stored at 
present in the Romanian landfills, comprising a 
large quantity of organic material, there are >220 kg 
carbon/ ton of wet garbage.   
A time-changing quantity of gas emerges 
when the garbage ferments. The theoretical specific 
gas production Ge given in ton per volume of waste 
(m3/ ton) may be calculated from the content of 
carbon in the waste substrate. According to the ideal 
gas law, 1,868 m3 of gas is formed upon 
biochemical transformation of 1 kg of carbon (TC), 
independently of the carbon dioxide  (CO2) and 
methane (CH4) production. 
 
                         
]/[868,1 3 MGmTCGe ∗=   
 
Out of which 1,868 = m3 gas per kg TC.  
Normally the entire gas production Ge, is 
reduced to an assimilated proportion of carbon. This 
statement is founded on the assertion of Tabasaran, 
(1976) [6, 7], who compares the care release of gas 
at the landfill with the release from fermentation 
recipients: 
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)28,0014,0(868,1 +∗∗∗= TTCGe  
Considering that TC = 1 kg, Ge varies 
linearly based on the fermentation temperature;  
when it varies between  -25 and 30˚C, the following 
graphic is obtained: 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Total gas production considering one tone 
of waste  
 
For 1 kilogram of Carbon it is estimated a 
value bigger than 220 kg/ton for a simulation of 1 
kilogram. As the fermentation recipients are usually 
used as clearing reactor, and a landfill must be 
considered as fixed Reaktor Batch, the autolysis 
(self-destruction) of masses of bacteria must be 
observed by assimilation.  
The essential influences over the reduction of 
gas quantities obtainable in theory, Ge, are 
presented next.  
A proportion of approx. 30% of carbon, 
abbreviated TC (Total Carbon), is not accessible to 
a gas transformation as it does not possess links to 
be decomposed (for e.g. lignin or parts of plastics). 
This is taken into consideration by the 
decomposition factor  fd = 0,7. 
Up to 5% of TC is transported dissolved with 
the infiltration water. When the environment 
conditions from the landfill are not optimal for the 
anaerobic decomposition, dry pockets may form by 
stopping with certain substances or poor feeding 
with salts and other elements. These elements are 
comprised in the optimization factor fo. 
The total real gas production Gt is made of: 
               
]/[868,1 30 MGmffTCffGG dodet ∗∗∗=∗∗=  
 
Considering the total gas production for 1 
kilogram of total carbon. 
The product fd *fo may be estimated as < 0,5, 
that is over 50% out of the gas potential calculated; 
in theory (Ge) is not obtained under the conditions at 
the landfill.  
 
 
 
 
 
 
 
 
                  Figure 4. Total gas production  
 
Using technical drainage systems for gas used 
up to present, only a certain amount of the real gas 
production is collected. Gas catching Gc , as volume 
of technically catchable gas is lower with factor fS 
than the real gas production Gt, and the difference is 
the gas loss Gp:  
                            
SdStc fffTCfGG ∗∗∗∗=∗= 0868,1  
 
                                   ctp GGG −=   
    
The evolution in time of gas production may 
be described trough a first order decomposition 
reaction. If the time factor fi* is introduced in the 
above presented equivalence, the amount of gas 
production up to moment  t may be calculated: 
 
][1 −−=∗ ∗− tet ef  
  
Going from a static perspective to a dynamic 
one in respect of gas release is achieved by 
introducing the notion of gas flow Q in m3/unit of 
mass and time: 
 
]/[ 3 MtmekGfGQ tktttt ∗−∗∗=∗=  
 
 
 
 
 
 
 
 
 
 
 
                            Figure 5. Gas flow 
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4. Biogas collecting systems  
 
At present, there are horizontal and vertical 
systems to discharge gases; Germany has largely 
used vertical systems to discharge gases from 
landfills. In order to obtain an increased discharge 
effect, the design should begin from the following 
gas catching: 
 
        Shaft qc,sgaft = 2,0 [m 3n /h *lfdm  
       [length pierced of pipe] 
 
The overpressure must preserve air rarefaction 
under admissible levels. Experience has shown that 
it should not exceed 30 up to 50 mbar at the shaft. 
In practice, gas discharging uses has either 
large or small catches – by adjusting blowers. 
Vertical systems of gas discharging have a circle-
shaped influence area. Estimating the influence area 
and the catching degree observes the following 
equations:  
                
 ]/[ 3
...
hmqhQ nputcpputc ∗=   
  
 ]/[ 32
...
hmhRqQ nputtputt ∗∗∗= pi  
                    
 
])[)(/ 221
...
2 mEEfEhqQR puttputc −∗∗∗∗= −pi
  
Qc,shaft represents the gas catch (suction 
power) of the gas shaft [m 3n /h],  
hp length pierced of drained pipe [m]  and 
 qc,shaft – specific gas catch [m 3n /m h]; 
The second formula: 
Qt,shaft represents the gas production in the 
shaft’s influence area [m 3n /h],  
qt,shaft specific gas production in the shaft’s 
influence area  [m 3n /m3 h],  
R  shaft’s influence range [m] 
 and Height of landfill, hp + 4m, 2m per safety 
interval under the covering layer or above the base 
[m].  It  is  the gas  collection  degree  Qc / Qt [-] and 
f  represents  a  factor  that  observes  the  remaining 
 
 
 
 
 
 
 
 
surface between circles in the most dense storage 
and total surface.  
 
5. Conclusions 
 
Garbage may be use to obtain alternative 
energy sources, as biogas. Biogas may be employed 
to warm up green houses, farms and homes, but also 
to obtain electrical power, when using an internal 
combustion engine with biogas as energy source. 
The internal combustion engine may actuate power 
generator. The power created by the generator may 
provide the energetic independence of a waste 
warehouse, may sometimes serve the suburbs with 
energy or the electrical energy may be introduced 
into the energy network supply.  
Retrieving biogas and using it as alternative 
energy source is benefic for the environment as 
methane gas has a much more pregnant greenhouse 
effect than the carbon dioxide.  
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